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Abstract 
The effects of operating conditions such as crystal growing rate and initial impurity concentration on 
separation(or concentration) of cesium and strontium fission products in the  LiCl waste salt generated 
from an  electro lytic reduction process of spent oxides on  lab-scale layer melt crystallization process 
were analyzed. In  a layer crystallizat ion process, impurities(CsCl and SrCl2) are concentrated in a s mall 
part of the LiCl salt due to  the difference in the  solubility in  the melt  phase and the solid l phase. 
The crystal growth rate strongly affects the crystal structure, therefore the separation efficiency, but the 
effect of the in itial Cs and Sr concentrations in LiCl molten salts was nearly  negligible within  the 
experimental range. 
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1. Introduction 
    The waste salts generated from pyroprocessing of spent  oxide fuel contain both heat generating   
and radioact ive fission products . They must be treated to  produce durab le final waste forms  which are 
suitable for geolog ical d isposal for thousands of years. However, it is somewhat  difficu lt to  subject 
them to the conventional solid ificat ion method due to the high volatility of their chloride compounds 
and their compatib ility with common silicate g lass. Therefore, the min imizat ion of salt  waste is one of 
the most important issues for optimization o f pyroprocessing [1]. For the min imization of waste salt 
generation, salt  recycle technolog ies by selective removal of fission products (FPs) from waste salts 
and then recycle of the refined salts are under development [2]. 
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    In this study, the layer melt crystallization process was tested for the separation of Group I & II 
fission products form the LiCl molten salt. The layer crystallization process is being commercially  
used for the separation and purificat ion of a number o f chemical products. Layer crystallizat ion uses 
cooled plates immersed in a melt for crystal fo rmat ion, where a crystal g rows as compact crystalline 
layer on a cooling  surface. In  this p rocess impurit ies are concentrated in  the melt  phase and not in the 
crystal layer. In the layer crystallizat ion process, the crystal g rowth rate is the governing factor 
determining the structure of the crystal layer and the impurity concentrat ion in the crystal layer. In th is 
study, the effects of operating conditions  on the separation efficiency of fission products and the salt 
reuse rate were examined. 
2. Experimental 
    Fig. 1 shows the lab-scale layer crystallization apparatus whose capacity is 4 kg-LiCl/batch. As 
shown it consisted of four parts: crystallization furnace, melting furnace, crystallizer moving device and 
cooling air injection system. All the parts are located in a g love box maintained in a moisture-free argon 
atmosphere. The crystallizer, which  had a cooling surface for the crystal layer growth, was of 
rectangular shape. In the crystallizer, uniform temperature distribution is very important to attain even 
crystal growth. To provide a uniform temperature distribution as soon as possible, cooling air was 
injected at the bottom of the crystallizer and there were several baffles in the axial d irection inside the 
crystallizer to make a cooling air stream line. Compressed dry air was used as the cooling agent; the 
cooling rate, and therefore the crystal growth rate were controlled by changing the air flow rate. During 
layer crystallizat ion process, the crystal formation characteristic was monitored using the temperature 
change of the cooling air. To detect the cooling air temperature change during the layer crystallizat ion 
process, we installed five thermocouples : four in  the crystallizer and one in the LiCl molten salt bed. 
Temperature signals from each thermocouple were treated by using a date acquisition system(Daq/3001, 
iOtech) and software(DT-Vee). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.Lab-scale layer crystallization apparatus 
 
3. Results and discussion 
    Layer crystallization is a very simple process, which uses cooled plates immersed in a melt for 
crystal formation, where a crystal grows as a compact crystalline layer on a cooling surface. In this 
process impurities are concentrated in the melt phase and not in the crystal layer formed outer surface of 
crystallizer[4]. Fig. 2 illustrates a layer crystallizat ion procedure. In a crystallizat ion furnace, LiCl 
crystal is formed at the outer surface of plate-type crystallizers cooled by the coolant, compressed 
air(Fig. 2(a)). The crystallizers having LiCl crystal are moved to a melt ing furnace, where the LiCl 
crystal is separated from crystallizers by melt ing(Fig. 2(b)). Repeating these processes several times, 
about 80 ದ 90 % of LiCl containing small amount impurities, Group I and II fission products, can be 
recovered and the remaining LiCl in  the crystallizat ion furnace with most of impurit ies is transferred  to 
the immobilizat ion process to fabricate the final waste form. 
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Fig. 2. Concept of layer crystallization procedure. 
 
    Since the layer crystallizat ion process is based on the growth of a solid layer on a cooled surface, 
the crystal growth rate affects the formed crystal structure and the inclusion of an impurity in a 
crystal[5]. At high cooling air flow rates, the crystals showed a bed crystal structure: that is, no 
directional g rowth causes the entrapment of many impurit ies. In this case, all the LiCl, cesium and 
strontium chlorides are cooled together and therefore no separation (or concentration) occurs (Fig. 3(B)).  
By contrast, in  the high impurity separation case, the crystal shows good directional growth shape (Fig. 
3(A)). 
    The effects of the crystal growth rate and the initial Cs and Sr concentrations on the separation 
efficiency can be seen in Fig. 4, assuming a 90% LiCl reuse rate (or 90% LiCl crystal formation). The 
separation efficiency decreases with increasing crystal growth rate above about 5 g/min. Th is is because 
at a high crystal growth rate, many  impurities  are entrapped in  the crystal layer. The effect of the initial 
Cs and Sr concentrations in LiCl molten salt was nearly negligible within the experimental range. 
 
                   (A) 
 
                   (B) 
Fig. 3. Crystal formation characteristics at the outer surface of the crystallizer. 
 
 
528  Yung-Zun Cho et al. / Energy Procedia 7 (2011) 525–528
0 1 2 3 4 5 6 7 8 9
50
60
70
80
90
100
FP
s
se
pa
ra
tio
n 
ef
fic
ie
nc
y 
[%
]
crystal growing rate [g/min]
CsCl case
SrCl2 caseF
Ps
se
pa
ra
tio
n 
ef
fic
ie
nc
y 
[%
]
FP
s
se
pa
ra
tio
n 
ef
fic
ie
nc
y 
[%
]
1.2 1.6 2.0 2.4 2.8 3.2
50
60
70
80
90
100
FP
s
se
pa
ra
tio
n 
ef
fic
ie
nc
y 
[%
]
initial FP concentration [wt%]
CsCl case
SrCl2 case
FP
s
se
pa
ra
tio
n 
ef
fic
ie
nc
y 
[%
]
 
Fig. 4. Effects of the crystal growth rate and the initial Cs and Sr concentration on the separation efficiency. 
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